lonic Bonding - Questions by Topic

Ql.

This question is about compounds containing chlorine.

(a) A precipitate of silver chloride is formed when silver nitrate solution reacts with sodium
chloride solution.

A student wrote an ionic equation for the reaction.
Ag?*(l) + 2CI(l) » AgCly(s)

Explain why this equation is incorrect, even though it is balanced.

(b) A sample of a compound is analysed and found to contain only 3.09 g carbon, 0.26 g
hydrogen and 9.15 g chlorine.

The molar mass of the compound is 97.0 g mol™.
Calculate the molecular formula of this compound.

You must show your working.

(c) Nitrogen trichloride has the formula NCIs.

(i) A sample of nitrogen trichloride contained only nitrogen atoms with mass number 14, and
chlorine atoms with mass numbers 35 and 37.

Give the formula and mass/charge ratio for each of the four ions responsible for the molecular
ion peaks in the mass spectrum of nitrogen trichloride.
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(ii) Complete the table to predict the shape and CI—N—CI bond angle in nitrogen trichloride.

Number of bonding pairs of electrons on nitrogen
Number of lone pairs of electrons on nitrogen
Shape of molecule

C—N—Cl bond angle

(d) Aluminium chloride exists as an ionic lattice in the solid state and as a covalent dimer, Al,Clg,
in the gas phase, just above its boiling temperature.

(i) Explain why aluminium chloride in the solid state has significant covalent character.

(ii) Describe how two AICl; molecules are joined together in the dimer.

Include a diagram in your answer.

(Total for question = 14 marks)
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Q2.

The ionic radius of AI*" is smaller than that of N>-.

This is because A

O
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Q3.

A

1** has

fewer protons but more electrons than N3

more protons but fewer electrons than N3-

more protons than N~ but the same number of electrons as N*-

the same number of protons as N>~ but fewer electrons

Which is the dot-and-cross diagram for magnesium chloride?

Only outer shell electrons are shown.
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Q4.
Which ion has the greatest polarising power?
LI A Cr
O B Mg**
[0 € Na*
O b s*
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(Total for question = 1 mark)
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Q5.

An outline of part of the Periodic Table is shown.
The letters are not the usual symbols of the elements.

(a) Which elements are in the s-block of the Periodic Table?

L0 A RandU
0 B TandY
0 € VandWw
0 D XandZ

(b) Which element has four occupied quantum shells, with six electrons in the outermost shell?

0 A VvV
0B X
0 cy
0 b z

(c) In which pair do the ions have the same electronic configuration?

0 A RYand T+
O B T° andY*"
O € U?*and T?-
O D U*andWw-

(Total for question = 3 marks)
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Q6.

Magnesium is a metal in Group 2 of the Periodic Table. It reacts with chlorine to form the salt
magnesium chloride, MgCl,.

(a) Draw a dot-and-cross diagram for magnesium chloride.

Show outer shell electrons only.

(b) Magnesium conducts electricity when it is in the solid state. Magnesium chloride conducts
electricity when it is molten or dissolved in water but not when it is in the solid state.

Explain these observations.

(c) Magnesium chloride can also be made by reacting magnesium oxide with dilute hydrochloric
acid.

MgO(s) + 2HCI(aq) -» MgCl,(aq) + H,O(l)

(i) Write the ionic equation, including state symbols, for this reaction.

(ii) Calculate the minimum volume of 2.00 mol dm™3 hydrochloric acid needed to completely
react with 2.45 g of magnesium oxide.

Minimum volume of hydrochloric acid = ..o cm?
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(d) A further method for making magnesium chloride is by reacting magnesium carbonate with
dilute hydrochloric acid.

MgCO;(s) + 2HCl(aq) » MgCl,(aq) + H,O(l) + CO,(g)

Calculate the maximum mass of magnesium chloride that could be formed when 2.25 g of
magnesium carbonate is added to excess dilute hydrochloric acid.

Maximum mass magnesium chloride = ..., o]

(e) Explain why the reaction to make magnesium chloride from magnesium oxide has a higher
atom economy than the reaction using magnesium carbonate.

No calculation is required.

(Total for question = 12 marks)
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